L ight beams consist of oscillatory electric (and magnetic) fields having a certain amplitude, phase, and frequency. In transverse waves, the state of polarization (SoP) characterizes how the electric field oscillates in the plane perpendicular to the propagation direction. Light-matter interactions strongly depend on the SoP, so its complete measurement is of paramount importance in a wide array of disciplines including chemistry, imaging, optical communications, and astronomy. However, measuring the SoP of a light beam, the main goal of polarimetry, is much trickier than knowing its intensity or frequency, because it involves the simultaneous measurement of the four Stokes parameters, which even account for the case of unpolarized light.
For decades, polarimeters have consisted of a combination of linear retarders, polarizers, and quarter-wave plates, which were able to obtain the four required measurements by spatial or temporal splitting of the incoming light beam (1) . Such macroscopic polarimeters, widely used in many applications, are complex, bulky, and expensive; there have been few attempts to miniaturize them, with the notable exception of the fiber-grating polarimeter, highly useful in fiber optics (2) . Recent advances in nanoscience and nanotechnology have unveiled new ways to shrink polarimeters, with all of the subsequent advantages that miniaturization and on-chip integration may bring (3) .
Because the optical response of nanostructures depends on the polarization of the incident light beam, it should be possible to retrieve the SoP from outgoing signals. Some newly defined cell types differ in their abundance and distribution between males and females (referred to as sexual dimorphism in brain structure) (9) .
The authors were interested in specific functions of these newly discovered cell types in homeostasis and social behaviors. To address these questions, they repeated the same cell-type detection experiments by MERFISH, but in animals that had undergone specific treatments or engaged in specific behaviors. By detecting gene expression that indicates neuronal activity, they found cell types that were activated in these specific contexts. They found clear differences in cell types that were active in different behaviors (for example, aggression versus parenting) and different organismal states (virginity versus postsexual experience), suggesting specific functions. The study provides avenues for addressing many intriguing biological questions. The most pressing are: Which cell types are responsible for which behaviors , and how do their functions change upon experience? For example, which cell types and what types of changes cause a switch from aggression to parenting in males after sexual experience? To address these questions, carefully designed cell type-specific perturbation experiments are necessary (see the figure) .
In a broader context, the study of Moffitt et al. is a shining example for defining cell types in their "natural habitat" that should be emulated to create the next generation of brain atlases (10, 11) . To transform the quagmire of unrecognizable neurons, we first need to define genes that are expressed in them by scRNA-seq. Once the cells are defined by genes they express (like linking a face to a person), we can define their spatial patterns and frequencies by MERFISH or similar methods. Then, we can repeatedly go back to these cells in different animals and assign them other cellular properties, such as morphology or connectivity, or putative biological function by assaying their activity. Finally, to establish their function, we need to be able to perturb these cell types. Although not utilized in the current study, the identifying genes can be used to generate genetic tools to perturb corresponding cell types in specific behaviors and states. These types of experiments define cells that are necessary and/or sufficient to produce certain behaviors. In the future, step by step, marching through the brain, the approach outlined here will lead to unprecedented descriptions of nervous systems and an abundance of salient hypotheses to be tested toward understanding nervous system function. j figure,  left) , which enables the retrieval of the Stokes parameters at a certain wavelength (4) (5) (6) (7) (8) . The scattering paths could even be parallel to the metasurface and guided on the chip substrate to facilitate on-chip processing and detection (5) .
OPTICS

Polarimetry enabled by nanophotonics
However, the light-matter interaction enabling the polarization-dependent response in these implementations is distributed among all of the elements of the array, so the device footprint is much larger than one square wavelength. Local nanoscale measurement of the SoP requires polarization-dependent photonic responses in individual metallic or dielectric nanostructures. For instance, plasmonic nanostructures could be engineered in certain in-plane shapes that produce optical hot spots depending on the SoP of the illumination (see the figure, middle). An absorbing semiconductor placed in the hot-spot regions can generate output photocurrents proportional to the SoP (9) . Although the device footprint is much smaller than in the case of metasurface polarimeters, this approach still requires at least four nanostructures to fully retrieve the SoP. Thus, this polarimeter would efficiently work for transverse light beams but would fail when measuring the SoP of complex, structured beams that have variations of the local polarization in the transverse plane (10) .
The SoP at a single spatial point and in a single-incident light pulse can be determined by mixing both previous approaches-that is, by measuring the polarizationdependent scattering from individual nanostructures. As a result of spin-orbit interaction (11) , the direction of the scattered light paths depends on the incident polarization. Moreover, the scattering paths can be defined with lithographically etched waveguides that support different guided modes that will carry all the information needed to retrieve the SoP (see the figure, right) (12) . In principle, there is no limit for downscaling the size of the scatterer as long as it partly scatters the incoming beam. Remarkably, spin-orbit interactions would also enable a full-vector description of the incident light, beyond the transverse picture (13) .
By a suitable design (materials, shape, and size) of the underlying nanostructures, the previous approaches can be used to build ultracompact polarimeters across the entire electromagnetic spectrum, even into the terahertz regime. Such polarimeters would be extremely broadband; by calibrating the polarization scattering paths or absorption at each working wavelength, they could be used for spectropolarimetry (6, 12) . Notably, they may also be implemented with resonant dielectric nanostructures (14) , which would avoid the ohmic losses inherent in metals and also facilitate mass manufacturing in silicon chips. Although the absorptive approach is highly appropriate to build a device for SoP measurement that blocks beam propagation, the approaches based on scattering may operate in a nondestructive way with low insertion losses and are highly suitable for an in-line configuration.
On-chip polarimeters should easily displace their bulk free-space counterparts because of the inherent advantages of integration, such as low cost, reliability, repeatability, and integration with electronics (8) . Several applications of on-chip polarimeters could immediately open up. Low-cost in-line polarimeters with low insertion losses operating at telecommunication wavelengths could monitor SoP in real time in present and future optical communication networks that use polarization multiplexing schemes. Spin-orbit polarimeters with near-atomic dimensions may locally test the polarization of single photons in quantum systems and networks. Now that the fundamentals for on-chip nanoscale polarimeters have been settled, it is time to make them a practical reality. j
Nanoscale polarimeters
Transverse light, with an electric field E, wave vector k, and wavelength l, illuminates a set of nanostructures. In all cases, measuring at least four outputs enables the retrieval of the state of polarization. Dielectric and metallic nanostructures are depicted in blue and yellow, respectively.
